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BRIEF SUMMARY OF THF HISTORY Qﬁ THE - V?Lﬂ?h’ﬁ” cr
ASTRONOK 353 TNSTRUMENTS

hstrenomy is ths science of celestlal bodies iIn

the universe. Using the asccomplishments of m&tﬁamaﬁicsg

physies, and engineering, it studies the unbounded

¥

universe surreounding us, whAbn includes our own planet
tha_%arthe CThis selence was born in the deep antinuity
to satisly graatiaaw humean ne@aw«

The history of the d@valﬁpmﬁmt of astronomic

knowledge s closely related with the histor ry of prcgf

of astronomical chservation instruments and methods of

ohservations. A% flrst, before the invention éf the

sstronomical telescope, all the observations were with

the vnaided eye. Under these corditlons, an experienced
cbaerver could dilstinguish and count on the sky up to

& sufficiently bright stars

The invention and use of the telescope in 1610,

by the Itslian scientist Galileo Galilel, Increased the

rumber of stars availahle for cohssrvatlon, and has mede
1% possible to disclose the moon's landscape, sun spote,

the satellites of the p“am at fup¢u , etc. The Gallleo
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from ve  {& - light year is

telescope.

The farther s celestial body is from us, the less

1ight from 1%
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omers strive 1

-

N o - — F C e s, 2
s increase the dlameter of The mirror,
whose arss Geterrines the penetrabting power of the

telescope, i.e.,y the abllity to observe rewote and weakly

Aﬁ the end of 1947, constructiocn was completed in
the USA of the Palowar telescope, with a mirror 5 m in
diereter. Thz construction took 20 years and cost 10
niilion dollers. This teloswope 1s for the time belng
the g%&&ﬁesﬁ,im th9=wcri@ in 4ts size and technical
squipment. A certain 1deaz of its size can e gained from
the following figures: the mirror velghs 14,5 tons, the
tuhe 150 %ons, and the votary equipnent approxinately
500 tens. It is possitle to obzerve with ﬁhiﬁ‘ﬁ31@5ﬂﬁﬁa
celestial Podies more than 500 million Light years awvay

diatanee which 2 beam of

1ight covers within a year at s spzed of 300,000 km/ﬁ@&)o
To wake possible the observation of even more

remote objects, g furthexr incresse in the telescops

dimensions 16 necesegary, and at the present level o

technology this entalls great practical difficultles.




Do there exist at present real possibilities of
inereasing the penetrating pover of a modern telescope
without inereasing its dimensions? It appears that they
do., For this purpose use must be made of more sensitive
1ight receivers than a photographic plate, One of such
light sensitive receivers 1s the photocathode of a photo~

cells

THF PHOTOCELL AS A LIGHT SENSITIVE RECEIVER

There exist different types of photocells, namely
those with the external photoeffect, with a barrier iayer,
and photoresistances, All are extensively used in sclence
ané technology. The choice of any partleular type depends.
on the task and on the reguirements imposed on the 1light
receiver when measuring the fadiant anergy. In astronomy,
the most widely used are phafocells based on the external
‘phﬁtaeffect,
| The photocell is Intended to convert light energy
into electyicity, The illumination may be different at
different points on the photocathode of the cell. In the
Eright places of the image, more electrons are produced '
than in the dark ones. All these electrons strike the

ancde and form a certain total photocurrent., Thus, the

4
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phictocathode makes 1t pcsbibﬁe uo detect iﬁrra?eﬁ rays

A

wilch ﬁ%@ eve does not ssels am& 1Y axyﬁéﬂ~wiam ithecesium -

with & meximum sensitivity in the green, similar to the
spectral &&nﬁi%%viﬁy ﬁf the human ey@;l Th@“spﬁctral
eharseteristics fm% different semi-transparent photoe

cathodes ar@.giv@n in Flge.

=

&

Anq&hm? Tuportant charac%erﬁatic of the ﬁhwto

cathods isiiﬁ& guantim y,:1é¢ which defines the number
of electrons radistsd by the photocathode under the
influence of one quantum of light inaident on its surface.
The quantum vield wili be 10068 1f each quantum cf iight
"cauﬁeﬁ the emission of one ¢lectron, However, all the
existing pactoeathofes with exiernsl phot ffect have a
‘yield which is much less than 109, The guantum yleld is‘

s9ferent for different materials and different wavam“
lengths of Light. 'The greatest yield is &bﬁain@d from

o v g et oo A ran b RN ' - o o g ' . o . </
an antimony-cesium photoeathode, and amounts up to 30%

=

st the wavimum sensitivity, relative to the theoretical
value, Uxygen-cesium photceathodes have & much lovwer
yield (approximetely 0.3 - 1%73,

| Tn order to ecmpare the sensitivity of a photo=-

ecathode anﬁ s photoplate as light recelvers, it is

&

necessary to have for +h@ twa commoen gualitative indices.
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Fig. 1.  Spectral chatacteristics of semie-

<

trangparent photocethodes.

Ylo=e antimony~cesivmy 2 ~~ oxygen-cesium;

trvgen~blsnuthecesium. ;
) 1) relative sensitivity 27 curve of sensitivity

of the eys 3} Wavelengih A.
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Fige. 2.  Electron-optical light converter, of Holst,
| |
A -= objective; © -=- photocathode; 3 ~= screen%
U =~ accelarating voltage. ﬂ
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Such & sowmon index is the equivalent guentinw ylesld. For
a sensitive photographic emulelon it i necesssry to have

1000 guanta to produce one grain of metalllic silver,

which appears when the tho raphic plate ig developed,
Therafore the guantum yleld of phafagraphic plate is

pproximately 0.1%. If the average quantum yleld of a
photocathode 1& teken at 10%, its sensitivity is assumed
to bé LO0 times greater than the thfiIiVity of &
»phmt@graphim plate. This means that the efficiency of
a telescope with a photocathode as a lignt receiver.
hecomes congiderably greater. Thus, fof exsnple, &
tal@sﬁdp@'with a % m mirror proviﬁeﬁ with & vhotocell,
is eguivalient to a talﬁﬁéayﬁ w*th a 50 w mirrer using a

photopraphic plate,

EITCTRON-OPTTCAL LICGHT CONVFRTERD
The electron-optical llght converter &anﬁista of &

semi-transparent j photocathede and & fluorsscent screen,

- which is maixnammaﬁ at a re ively high pmgitive poten=-
tial relative to the photocathode If a 1ight image 1is

Tote

projected on the photocathode, the same Iwege is dupli-

i

-

cated on the scresn by the photoelectrons that travel

from the vhotocathode and bombard the sereen., FElectron-

ortical converters with high-efflciency sereens-

kwire %
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*

luminophors, operating at high voltages {oh the order of

10,000 volts) act as light emplifiers.

)

The simplest type of converter known in the

T [y

1itersture as thne Holst cup (or converterl), named after

the first to use sueh an instrument in 1934, is shown in
Fig. 2a., The converter consists of a glass cylinder-tube
with fiat walls, from which air is pumped oub. On the
inner side of one of the walls 1s coated a seml-
transparent photocathode & - On the opposite wall of
the tuhe, at a distance of approximstely 20 mm from the
photocathode, is a flucrescent scereen & o Betwaen them
and the photocathode 1s applled an accelerating voltage

U o= de=b kv,

Under the affect of the light from the optical
inage, projected on the photocathode, the latier emits
eleptrons. More electrons are swltted from the bright
spots of the imapge than from the dark ones. This electron
tmage is very rapidly transfer red to the seregen and
strikes 1%, Part of the energy of the impact of the
electrons 15 converted inmto thermal energy, énﬁ part into

ight energy. A& visible image 1s produced on the screen,
similar to the primary (optical) image pfojecteﬁ on the

photocathode of tk@ converter,




ineresses to such an exient, that

J s
~

- Sometimes the photocathode of the converter is

1574

made sensitive o infrared, One can then see with such

& converver the imsas

CCLZ

red rays, or celestial objects which radiate these rays

in,largeffammmmﬁﬁfcampared:with visible rays. In other

words, in this case once can gee 1images which are invis
ivle %o th@ unaided eye.

Tka'xn wge on the %creem of the Holst converter 1s

noet gufficiently sherp. Zzﬁ 1s dus %0 scattering of

electrons when the electron energy 1s transferred from
cathode Lo the screen, something that is urn

the phot:

xu’
{3

avoidable because of abeence of electrﬁm.focusings

&
m

-y

igur

i

2% shovws “ch@h“tiaﬂllv how & p@amt A 0f the imsge

-

on the photocathaodes is converted, owing %o lack of

focueing, into a blurred spot A' on the screen of the

A3

- eonverter. Ineressing the accelerating volltage increases

the sharpness and ihe drightness, bubt in this case the

ereen strongly illuminates the

vhotorathode, and a bright background appears. A3 the .

yoltags 38 lncreased, the hrightness of the background

the image has low

At

contrast and scon disappesrs. For this resson the Holts

converter operates us ;?y at Peﬁaﬁlvﬂlj low voltages,

e of objeects 1lluminagted with Infra-




A further development 1ib

\,

o "

not greater then 2 kv, and produces Ilmages Wwith low
sharpness and Llow brighiness.

the constry cticn of

electron-optical converters hes followed the path of
inereasing the accelerating voltape and improving the
Pocusing of the electron image., In modern constructions
of convert the accelersting voltage usually does not
: excoed L7=-20 kv {(further 1mcfease in the voltage ine
. erenses relatively little the hrightness of the Image,
but ineressss the danger of breskdown of the installaticn

inside the tube), howaz found
sereen with a thin f1ln of sluami

This incressecs the brighiness of
of two, destroys the background
the contresst of the dmage.

A dlapgran of a modern con

focusing 1s shown in Fig., 3. Th

photosathode @ 1s lalgs than
e sereen % o Thus, when focused
° so o spesk becomes denser, whilce

the brightrness of the image on

L S RPN B e A &

Bleotrostatic focusing in
A ey e o e K e 3 S 7l ., o
tortion in the imape. To coupen

<

surfare of the photocathods

PRt

oo R

Pl to cover the

nue (G,08 mm thick).

the sereen by a Tactor
completsly, and increases
verter with electrostatic

[

e optical image on its

41

L

iy

e

that

Jef

Gt o &

.

o the electron enesrgy

h ineresso

.;

> additionally

I~
Es

¥
e

the converter

2

ilg -

trpduces certalin

aate for thls

distortion,

sl
10

is mede spherical.
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(Lf the image is vhotographed) is placed flat asgeinst the

rear wall of the bull, where the screen is deposited,

However, the W%Ll cf the bulb i1s not less than Z--3 mm
| - thick, and this causes a certain blumring of the image

| on the VAOTO Tarhe

Tﬁ‘obtain 8 sharp photographie ina

CE T gey, Lt becomes
necessary to use an optlenl svstemg so t

1'.

st the real

h
am .,L> redueed, Thus, 1€ an objective with

e
3d

-
Fde

r

N ;:\3
5
O
w

. relative apeft&re 1+ 1 is used, then only 8% of the total

O

Light flux $ﬁrﬁk@ﬂ the photogrephic plate, 1o

2]

ompared

5‘3

what is p?oﬁacad by the converier szciesn. Depernding on

fhm nat¢"a1 of the screen, its glow may be green, blue,

o~

et
@
Q
o
i
a3

ar_vislat« Green glow is visual obhservations,
si%ce éne eye 1s more gensitive In thils reglon of the
spectrums In photogra ,}yﬁlmm the other hand, blue or
violet glew iz uvsed (the photographic plate is usually
most sensitive in thisz region of the spectrum)., In this

case the real amplification of brightness past the

The efficiency of the converter can be considerably

4 Y

increased by replacing the sereen with a photographic

vlate. In this case the electrons which travel with
1

ery large veloelty from the vhotocathode will hombard

the photoemulsion dﬂﬁ m*oauce a ph tjg aptie effeet in 1t,

— fit —




it . 0 o gy
gleactrostatle foocusing.

& = photocathode; g - electron lensss;

af of

L)
i
%

Fige b Emeﬂ*rmn»au“ical converter of light with
intermadiate vacuum,
® = photocathode; M -= metallic filmy [ ==

phetograpnic plate; O ~- windowss l1ew3 -~ converter

— s —
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TR TR

similar to the actlon of 1ight; Such a m&ﬁhcd makes 4%
pasa;blp to deerense considerably the pwnuaure time bf
the photograpnic plate (by a factor of nmmhmo? whsmh is
aquivalent to an incresse in brightness 69 the same -~ oo
amount ). This mebhod was proposed by the French astrone-
omer L'ALltemsnd in 1938 a5 o means of redueing the
exposure when photographing celestisl bodies. However,

thie method has & great shortcoming in that the number of

vhotographs ls limited. In such a converter the photo-
graphic plate 1 in a ssaled glass vossel togsther with

Te remove the plete, It 1s necessary

to break the vessel and degtroy the convelr “LeT .

jat

A furiher ing cvamaht_@f s methiod has madte it
possible to use several photoplates, mounted on & rota=
ting cassette. The number of plates reachad 12, The
cacsette was rotated by an evternal yLPctrm“aﬁnot“ This
made 1t possible fo obtain 12 ﬁhﬁiu?vdﬂﬂa¢ after which
the converter still had to be bLroken up (whern the pholo-
plates were removed for Gevelopmantle

The latest constrvetion of this instrument, used
Cfor astronomle purposes, has been greatly improved., It
makes it pessible to insert and remove the phatsplatés
without destroying the glass bulk. The diagram of $u¢h

o converter is shown in Fig. k.
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pxaaup ate.

Another way o

0.

image Trom the

%

by a high aperture o

'l

verter ls ph

converters will prod

to 50, but the real

N s Ed , P M
A vonsidarahl

ed by using two conv

] e R . o "
terisl of the soreen

Lhe semd-

vy - - s N P
plate 1s useld, on che

The process of trensferring the haniom?a & frowm the
'cqnvwvtwr necessitates eacn time the evaenation of the alr
seotion, However, all these difficultles

are offset by the nigh grade of the imape obtalned on the

o 8 e wa or g Wy ¥ P BT R T SR TN o oF Fe
f increasing the brightness is to use

sewersl converters cornected in cascasde. In this case the

w“e {4ivet converter is rrojected

| ac,jve on the photocathode of the

second, and the lmage from the sersen of the sec cond ot

B g s g b m ARCPLA & P B e e e el
otogravhed, Such a scheme o©F connecting the

pee theoretically an amplificstion up

s s i

emplification ususlly dows not axceed

oy

owing to a large number of lenses

v greater amplification can be obtaifie
arters without an intermediate

cnis purpose a common thin glass

s1de of whicn ig coated the ma-

of the first converter, and on the

transparent chotocathode of the
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i

the soreen (each brigh* pol ﬁ% i the result of the

striking of one or seversl electrons sgainst the sereen),

image, 1f 1ts brightness on the phoiocaticde ig not lower

%

than 10 7 lux. A satisfactory dmage 41s obiained when the

signal prevalls over the noise by a factor of 10, For
fe) N

this case tha iliaminatiOﬂ of the imput image should be
- wt"'. " s b .

107 L, ard the smplification 10,000, These fipures .
2 should be considered as Gefining the sensitivity of the

image -

Ths dnterval of illumination of the lmages, with

)
whﬁah Qmé deals in sstronomy, 1s very large., Thus, for
example; g star of first magnitude prwézc@. an flliuning=-
tién oﬁ the pupll of the eye of 8.3 ¥ 10 lux, A dif=
ference of one stellar ma;ﬁituﬁ@’carr@sp@nds T0 & change
in Lilumination by a faster of 2.912, while 2 change in
Tive stellar magnitudes corresponds o a 100-fold change

in iilumination. Stars brighter of those of first magnie

tude are-fesignated with regative stellar mag nitudes, and

n

veaker ones with positive mﬁgﬁ11u605, Table 1 glives an
ldea of the illuminations on the surface of the earth,

produced by different ecelestial bodies.




PSS

The 11lluminations of the imsges on the ghotographice
plate depend on the brightnesses of the zelesiisl objeets
themselves, on thelr asnguler dimensions, on the dismeter of

N R
L v}

ne input aperture of the telescope, and its foeal dis

celestial Bodies and their 1lluminatlon past the telescope

{at a telescope aperture diamster of 500 mm and a foeal
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protography and powerful telescopes) 10} Corresvonds %o

an 1llumination produced by s candle at & distance of
2.8 m 11) The same at'a distance of 1.1 lm 12) The same.

8t & distance of 11 km 13} The same at a distance of

1100 km.
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TPIEVIGION APPARATUS AS A YPAND OF INTTULIFYING
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two AyUH“ ss: 1) dincrepase the hrightness of
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nast the telpscun and 2)  compensation for shifts in the

4 L.

image (gulver of the image), due to atmospheric interfer-

In thne first case the television syetem can be i

-

considered in principle as an electron-ootical amplifier !

of light, in which the photocathode and the scr en are

- '3

separated. .The transmission of the imape 1u a television

systen 15 carried out susesssively in time from point t¢

&

point. The scanping of the image in a horilzor ntal dire ctioq

A,

ig by lines, and in a vertical direction by frames. In

A
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cases one can use cirvaular scanning of

along a spiral. Such a scanning simplifles the anparatiug,

hut the brightness of the image is uneven (it is greater §
st the ce 4 he seres ) i
&l PGS Qenter Oi -L Boauvesn ). B

i
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Compared with the usual electron-cptlcal converfer |
!

of light, a television system as a 1ight anplifier has the

g
Yollowing advantages: 1) the Image from the telescope
1

can be transmitited to a sufficiently large distance,
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afording in some casecs convenience in observatlon; 2) 1t
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graphy cannot be shorter than this times for example, at
san evposure of 1/100 sec only wart of the image will be
recorded on the photograph (all this pertains to ordinary

;s ERFS vy e o o 2 o v e o Ty "
k¥inescopes, with a small afterglow of the screen - ok

greater than 1/29 sec).

TEILFVISTON TRAMSMITTING TUIBES
Transmitiing tubes of different tyves are used in
television practice. Those widely used ares 1) dceono-

SCones 23 feonosce ope with lmage trensfer (3uﬁerj OGS copﬁ)

3} vidicon (tube with photoresistor); and M) orihicon with

image tranafer (susercrthicc on)e Let us consider b
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these types of ftTubes 1n astronomy.
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cen be an insulastor or a semiconduc stor. Plectric charges

are accumulated on the targetg and thelr nmagniftude snd
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shape are determined by the chara cter of the transmitted
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The shafpness of the image, as 1s well Khown,

ne number of elements (smallest sizes of
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details can be distinguiched on the kinescope screen )
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veam moves along the terget, each element 18 rapidly
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”Tafﬂmux L&tx“} 1o ® 10 sen). Thus, the electron heam

removes the charpes Irom thet part of the target, over i
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wes used was constructed in 1932 and was called sn icono=-

seone. I1te elficiency is atfficiwntﬁy LTow and amo
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tube, for which the use of the principle of accumuiation

czn be consldered 1006, For normel operation of the
Lconoseonpe, tllumination of approximately 50 lux is

necessary for the image on the photocathodes

Teorosecpes are used
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the present time In fTele-

vision studios for the transmisslon of motion pleture filums}
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Tn this case the lov sensitivity of the iconoscope 1s not
declsive, A8 to the sharvness of the transmission, the
1eonoscope 1s $t1ill the best of all the exisﬁL g tram -
mitting tubes.

The ieconcscops can be ueed in astronony to transmit
bright images in infrared light, fnw exanple when ine
vestlgating sun spots and studying the styueture of the

"

surface of the sun on & large scsle. In 1939 attempis

seonoseove for Ohe-
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1
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were made 1n the USA to em
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servetions of the solar corona apart from eclipses. TFor

this purpose & non=&cliipse coro vag%u%h was used, after

whilch the optical inage of the a¢}ar corons was prejected

je2

on the iconoscope and viewed on tha screen of the kinem
5CODPE .

Further improvemeris in the loonoscope {z6dition of
the 4ransfer secticn), has led to the development of the
supe ricmnoﬁeopm@

The arrangenent of the superleonocscope 16 shoun in
Fig. 5. The optlcal image is projected by opjective O

[ 1

on the semi-transparent photocathode ® » The elsetron

[N

mage past the photocathode is secalerasted and is trans-
ferred to a target M. To focus the lmage, a magnetisc
field of a short focusing coil o ig preoduced. In this

czse the magnetlc ’ielﬁ 18 not homogeneous and as a
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0 == objeetive: ¥ ~- vhotocathode
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i . focusing coily A =~ anode; M ~- mosale; K ~- gathode
: 0K -= deflecting coilsy L1 == first stage of wvide

amplifile

ig. 6, External view of superorthicon
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L == gectlion of image transfer; 2 -- section of

mage swWweep; 3 == section of vide so-glgnal amplification.
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imape 1& scanned with an electronic vr*jfatarv
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locsted in a glass tube, sealed to ithe bulb al an ang 2le of

200, On the tube are placsd a ooil (not de-
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the rthotocathode

#

{inertial.
transg

image may

bacome blurred or way have "tallsl accompanylng certain
Getails of the dmage. Thus, for avﬁugsian type LI-18 §
, | ) !
the inertia 1s 1 sec, snd in some ;
see, The inertiz can be reduced in
ié aceompanied by a reduction in the
sensitivity of the tube,

The dimension of the working part of the photos
rgsistence in the tube, l.e., the dimession of the frame,
is 9@ % 12 mm. nowpﬁér, in spite of such & relatively

i
small srea of the oubtput Imsge,; the tubs insures 5hﬁ?pness%
in tranemigsion of not less than 600 I* g in the center r
of the frame. The illuwination of the image on the phﬁto~§
athode must in this case be not less than 5 lux.

Tubeﬁ with photoresistences have found wide

icatlon in commercial television and in devices for
seientific research. In astronomy these tubes are not
,
uged for the time being., However, $helr spectral
capabllitiss, small size, and simplicity of construction
lensure that they will be e widely used in the near future
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in ustrosc**ﬁ practice. The tubes can be used in the far
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nfraved reglon to study the spectira of bright stars, the

sun, and its surface.

The most sensitive of all the transmitiing tubes is |

the suparorthicon. This tube 1s used for television
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wrosdeasting from outzide > sensitivity of
sn ordinary supseror thicon 18 greater than the sensitivity
of & ia@nﬁﬁ¢n§@ ny avproximetely 500 times. At a small
reduction in ﬁhawp ens in the transmitted image, this gain
oan ba‘raiaeﬁ tm 1000 or BOTE

‘rf“s

e external view of the superorthicon is shovn in

Pig. 6, and its schenmatie arrangement is shown in Flg, 7o

- Srructurally the tube 1o divided into three parigs

we transfer sechion consists of & et -t ransparent
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target made of thin 5 mnlerons } semionnducting
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 sealed toe & glass ring. The specific slectric resistivity
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Lfethe barget (3 x 1077 w- 103 ohw/em at 209C) depends

strongly on the temperature, When the target is nested
1te resistance decreases, and when it is cooled 1% ine
ereases. For normal operaiion of the tu

. L (k
temperature should renge from 35 %o 6OV,
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the target, Its purpose iz
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photocathode,
photocathode

magnetic

field pﬁoﬁué&d Ly 2 lohg cylinﬁrical coil and an electric
field 4in the gap between the photesathode and the target,
Tre tube i1s placed in the center 6f the coil.

Transfer of the elsctron image to the target pro=-
3u~nﬁ a potential rellef, which is itransmitted to its
other side, where 1t is scannnd by a beam of slow electrons
drteh have zlmost zero velotliity. Thé electron heam is
vrodeead by an electron gun Located cn the other end of
the tube (in the awplification section), As the beam
of electrens moves along the target, the potentisl relief
1s cancelled cut. And since the electron beam carries a
constant amount of eleét nvnénd random returns and strikes
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the amplification seciion,
The charges are distributed differently in different
coints of the target, and therefore the nunm

from the beam durin

e

rdingly, the current of

prﬁ) 58 oL

bean also changes. Thus, the electron be:

modulated hv the signal of the image. It

electren multinller, locsted iIn the amplificsa

where it is amplified by a factor of 500 or

five-stage elsctron nultlpl
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aWﬁast without adding any intrinsic

sign

slgnal past the tube eds
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noise of the following vacuum tube ampli
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an d4rop to 0,01 volts, and In trans

with dnecreasing

111 further. Thus, when

pieturs o]pmenf corresponding to a sharpness
the slgnal decresses by another factor

[P ——

e st Lt

the
am b
then enters
der amplifies
the L

fley,

on mult iplier {input re

video~signal fre

transmitiin

of 10~-15. Th

her of electrons

scanning
ﬁh& hackward
econes

the

----- section,

12C0,

the

nolse, and the

sbringic
The load

lstanace

20w=30 kilohms.

upon trans=-

)

miasion

o~

QUENCY 4
of 625 lines,

erg-

sharp image on the kinescope screen 1t

P

i
!
!

video

?

1
I
i
|
!

i
i

amounts




HoLom

o} 3 e ¥4 S 54 > .
W o o 3 O = 0 O o Q < |
e e Y] s e G i, W £t [ ;
] o Q -t C L4 £ Sy = o
(& 8] [ €4 o O o . @ & =
) c ey AT AT I o - @ O 5
o~ A 2} @ pe e~ O Gt e QO
e Nl oy s @O o O 4] 42 S :
L o S ® e & A2 ¥ H
< o Q O] Tt i {2 8] & e j) < = i
43 ob $t & & e O £ oY I 5] 43 4 i
[ T ) o e § K {
@ +2 e - < : G @ Wyt
s~ o oo W o 9 D = s
«© o« o @ S PO W o et <]
T +2 oy & () [Q| [ -+
o 1] = s b R @ o o O ® <t G
ol o T g 5ot s O b Lo 4 O
4 Wi (3 i ul 42 =i By o O @ & !
i e o e W 5 £y e @ e T 2 o w
Lo T o + @ ped G O 42 & b “i 2 o < Y
e A s = T S - L S oW O
g = £ N g A ) v ' ) Lo B S B
@ ap-d Wi L& o o 4> - I = @ L o U
w & - [EOR e 3 % 43 i 3 erd 7 b P
& b i - -~ K <3 £ O] 42 - et 4 B ! My
o {w s M o D ai i oW P e = O i
Dy AP i <53 G e Y 4 ¢ NN & ] 43 4 P
o oe w8 AR I e B T B £ ¢ e
e o+ g o 0 'ro® ot oo RS S m
Oy £y I 42 i o o 32 = 3 o O = ]
£ £ o} & -~ W 0 o) O =D +7 W
T o = ooo@ ST T o 5 42 i@ o
& & Q o P Q@ < - PSR o S W o
O ] &2 o Gl g o ey o re! = o O [ £33
42 P, W S 43 &l e =i s =t = et i B
o %t o om 4 el 4s e O
P o Gl ¥ e o o £y ® O 93 U L S, S o
£ & o 0] ol (5] 8] w3 < K o o
o Fr « : $~4 L Bt W BE € @ &
Qo SIS et e 3 S Zw s
w0 S e RSO o © B WD - T~
@ 25 @ g g o 43 o i 5] T T e 4 +2 o
2 %4 w0 + ] a @ e wi WO b =
3 i o < 0 o g = o 83 U O L &
N Ee 4 a8 w ow g o« O o« -
o 2 G et [ i - 33 [ e
sl [STE Bo @ £ © I & o fo £ Gl O P
Q@ o b < o Wi %4 & 0 < £ o nyong +2
= s LS S S o s o] o7 o I & @ & 33
O L o B 0 SRS i 40 4R =3
o W @ b @ o 3 3 T b o) @ € <H e )
& Az . i G- +2 o d 8 o a4 s =N el i o] <
A2 4 W o < ] LR £ oM o+ () R - > a5
b R
. «



S g R AL, »
5:5:&’“;3: ; 3

e
y%:?‘. - T 4 S h
4 g P 5 . g
. | 3 4 5 2 . )
It Lon . | S i X

ok g
;’M&“’“‘é l!a it P

‘}?ﬂ {i! ;2 it

: %"7“"“2 Ty
el e b [
A
EW‘”}K‘*‘

ek e LU

Samamd 182
s

i s, E .&J:“L = é?:x"lé‘;‘}n o5 £

S e

PR A o Y [, _— i
gupsrorthicon preamplif

9 - £ i i::'f
Sy -

LEG



.

y - ] 1:

| cathode, ensurss & sherpness of iﬁage in tune center ¢

image, 80 Lo sSpe

5
o

o+

625 line frame. When the 11Twnination drops to 0.1 or

(L o3 ey e A g o v ey s . £18 i 8 gy oo J . .
The supsrorthicon has a sufficiently high overall

intrinsie noise, and therefors: obtain good quality of

.{.
the image 1t becomes necessary to inersase the illumination

of the trencmiited ohjeel or to introduce an sadditional
Tinewﬁtwfw&urn metal grid on the side of the scanning of
the el&curon&-&taﬁ grid is located near the target). The

2

pres aﬂae of a SQu@nﬁ grid reduces the intrinsic nolse of

the %m%@'ﬁnﬂ broadens the linear part of the light

ot
+

I
sl

charscteviastic {(l.e., the dependence of the signal on

Owing to the ;d?ﬂ@ complenity of the superorthicon

snd the interdevendesnece of the diffsvent sections which

nf the hest oversting conditions necesslitates the con-
sumption of a rather long time. The operation of the

tube depends atrongly on the temperature of the target,

2

; Yy .
At & temveraturve less than 3J0°C the target resistan

hecomes relatively large, producing in 1t an sxcessive

en the

..3"'

sccumulation of negative cﬁarg@sg In this c=

(f!‘

8y W

 pright spots are displased, Mtaills™ appear on the woving

&

rax lefd by the moving bright images.
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are linked *ozether by & commmon mafmetic field, the Cholﬂe;“




' : g gli ’ma&"W ’
g Pt r ) J:EJM: i et
TR i
o 4 ; ;
e.‘i.ag 50 i
3 I S S e P ——
g &47 ¢ CILETE G et . G'fgi#
Ly g}ﬁ P iﬂ pl
H ?ZJ {, 2t | gﬁpﬁ, ﬁgm, Y
L & ) -
#5K ) .
i riomst & ZHIH
W W&# '
8 =508
i = SUR

¥ig. 9. Power suppiy and regiflaior fov superorthicon
electrode voltages '

)

L]

G - g&&t@ﬁ&?hﬂﬁﬁy FG - sacelerating electrode. (M ~-
target prid. 92 -- zlowing-down electrode. @0 -~ focusling

elestrode. ¥ ~- eylinder of multiplier. KY -- cathode.
¥ -~ modulator. K -~ coliector. &K -- fosusing eoll. KK~

)

3

sorrecting coil., B -~ video sigrnal. I'l -~ quenching pulsed.
1 == % amrplifier stages. '
1} from cuvrent stabilizer.




At & temperature above £0°¢

Cductivity of the target lncreases, and this leads %o g
reduction in the sensiiivity of the tube and a loss in
vhdrpu ss in the transwitted image. Thus, ﬁhe intervsl
of TkLnﬁ temprratiures of the targel ranges 35855 or
6&% .

For preliminary heating of %he tube, an electric

reater is used. It 1s locatsd in the iw*gawfpaqswgr

{‘J

seation (inside the focusing coil). Temperafure 18 COne
trolled by changing the current throughh the healer.

T addition to superorthicons, designed for medium
photocathede Lilumination (0.,5-~0,1 lux), there exlst
tubes For Low Y1lumination. Thuss & superorthicon

(type 6849} is produced in the Usi with 2 threshold

al stagzes of electron~optical

smplification of 1ight to a superortnicorn nas led to the

a'setisfaﬁﬁcry image with a'phﬁtocaﬁhﬁae illuminaﬁian a8
107 wwxﬁ”é Tax. Its threshold sensitivity I1s limited only
io noise due So thermoelectronic emlssion of the photo=
gathode,

The st pmrwrth;mon hae come to be used in astronomy

only recently (195%3. It is used as a light receiver

T

o

¢, on the other hand, the con- ?
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in Lelwv““inn

imagaQ@ Recently (1997)

apparatus for amplifying the

brightness of

<

the superorthicon has come to be

applied also in app&raﬁuﬁ for compensation against atmo-
spheric noise in astronowmic observabtions.

ATMH>E5.P¢? NOTSY IN ASTRONOMIC OBRSFRVATIOND

The stars are located at disbances so 1argeﬁ that

"

of iy of ditferent densi

sTa in consy

ant motion, a

travelling from the star

necome elther convergent

is

ALl this

o
o

layer the region vhere

nroverties of the stmosphere

explain

the Llipght takes s eantzr?, and sometimes nmany thousands of,
years té reach us. We are therefore jaﬁtifiad in ¢one
sidering thet. the light rays coxming from the sftars are
arallel, and that thelr wave front 1s plane. Earth's
stmesphere 18 not Homogeneocus in 1ts opitleal pr pﬂr LeSg
since 1% 38 never st r%ét gver lis entire axtenta Volunes

ity nupidity. ard trwp@ra?ure

re cvarried by the wind, and

chonge their coantours. Thus, the plane front of the
incoming light wéve comes wavy in accordance with the
changling operating prope ties of the sections of the
atmosphere through which it pesses. The Light

no longer are
or divergent,

ed in Fig. 10. Here the shaded-

*
the change in the ¢ptlcal

The plane light
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FIPST RPSULTS OF THF HS OF ZIFCTRON-GPTICAL
CONVERTERS bVD TH» TPIFVISION METHOD IM ALWRQNHN&
The use of the new elescir oﬁie uechnlqueﬁ in
'stfonnmy began relatd vely recently. The first applica- i
tion of el occronwfp cal converters for the photography '

3

of Gelasﬁial cbiscts should be dated 1949, The eonverters!
!

were used to photograph celestlal objects in t¥e infrared

region of the spectram.

The sensitivity of photographic plates to infrared

%y’ 1s covsiderably lezs than to visidble Tays, and

P
H

decreases conslderably at weak 11luminatiops. For objects

with very lew luminesity {weak nebulas, eic.), exposures

cf-tgﬁé of hours may be nseless., In this case, no image
would be produced at all on the photog aph-c vlate,

On the other hand, the sensitivity of the alectrmn-%
opticalA@OQVQTters is muech higher than the sensitivity of
the photographic plate. It remains constant also for i

wesk $lluminations. Therefore the use of converters for

photography of objacts will low luminosity s very

gffective In this case one can photograph celestial
objects the image of which cannot be obtained by ordinary’

means on & photographic plate,

The use of electron-optical converters has made it




astronomical observstory of the Acadamy of Sclences USSR

Cembridge is shown in Flg. 1l. The image of the celestia

pessihi@ to obtaln in infrared reys the specira of the
weak plow of the night sky, to discover new spectral lines!
1y this region, snd to dstect new star clusters and
nebulsas. |

Experiments on the application $o asironomy.of_the

3

telbvisica method af_amylifying prightness of the Image
were begun st the Cambridge Gbservatory (Bngland) in 1952,
The resulis of some of the work pertaln to a later period
and were published in a series of journals in 1956,

Independent of these investigations, 2% the main

(also starting with 19521, work hes begun on the use of

the televisicn method in astroncmy. The Tirsth publica=.

tions on these works also appeared io 1956.

2

== The Alagrszm of the television apparatus used in *

e

object is projectsd through the eyepiece of the t&lesccpei
or. the photocathods of the superorthlcen, The video=
signal s amplified and is made Yo fall on & kinescope
with s screen dismeter of 35 cne 'The image 18 photogra=
vhed from the scraen on & motion pileture fllm.

To focus the optlcal image on the photocathode,

it is possible to bring the superorthicon together with

its magmeticvsystem {focusing coils and deflecting colls)




o o T e s e

Flg. 11. Blook dlsgram of television apparatus of the
Cambridgse Obgervatory..

1 ~~ superprithicon. 2 -~ preawplifier. 3 -- output
amplifier. 4 -- kinescopa. 5 -- photographic

camaera. 6 -- electric motor. ﬁ 7 -- gcontrol panel for

optical focusing. & -- vertical and horlzontal generators.
g -~ target blocklng stage. L0 -- synchronlzing penerator.

Fig. 12, Diagran of superorthicoen with additional
image smiifier. | ‘
C -- light. & -~ photocathode. ¥3 -~ amplifier screens.
M ~~ target. 3¥ -~ elsctron multip 1ier, K -~ collector.
Gl -~ electron gun, BC -- output signal.

S 5“3”’"—"
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ie motor controle

om the ey épi& e of the tele seape.i
i
i

mounted on & speeial holder. This block ig secured on

led from th&'mb%iﬁal focusing :&d»1¢
Iﬂu@plwﬁﬂw geanning 1s used in the apparstus, The

.syﬂchronizimg puises egre obuained Lrom a'synchrcgenerator.

per second is 25, and the number of

The trensmitting twbe together with 1ts magnetlc

pregnplifier for the video-signal ars

The television apparatus tagether with

the reflector telesnope (mirror dlameser 250 ) were

4 ¥ A
used to photograph the moon's surfac |
The television apparatus wae sdgpted to & horizone
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tube, the sun’s surface was observed in these rays. A
speclally constructed sclaer spectrograph using television .
spparatus was employed for spectral observatlions. Rare
phenomensa that take placﬁ on the sun's surface, whlch
'pr@vicngly could naﬁ be cbserved by direct optleal means,

have now come to he @y srined on the screen of a kinescope

3& photographed.




)

In 195k, in the Lowell observatory (USA) experds-:
ment % hdve baen mede on ohgaerving vlanets with the aid of ;
a &pecialiy sensitive superorthicon (Fig. 12}, In such
a tuhe a two-stage @i@acrauw Aticaiﬁlight converter is
mounted between the photccatho de and the tawgeﬁ. The
optical image, as usualﬁ ig projected on the semie 5
%faﬂsparent phatoe Mtuﬂ@@a The electrons leaving the
photocathiode are focused al each amplifying stage. This ;
ls ﬁaﬁé by means of conblned magnetic and élﬁmtrésﬁaﬁic i

- !
focus nge The megnetic field is produced by a ionﬂ i

eylinarica& coil, in the center of which is pl aced a tube,

(

i

i

while the electrostatic field is praauceﬁ by an inters tdgef

. |

accelerating voltage of 10 kv. ;

{

_ ‘ . l
Bach stage consistes of a thin glasg {1lm, covered

on the vhotocathods side by a fluorescent material (phose

phor ) which produces a blue glow. Flaced on the phosphor !
is a thin f1ile of aluminum. On the other side of the

sersen is placed a semi-transparent photocsathode which

£ o &

hes & maximom spectral sensitivity in the Plue light.

tn of not less than 10.

&

Fach stage produces a current g
Thus, the galn past the second stage 1s 100,

The electron image is next focused on the target,
whare it produces a potential relief., The presence of a

4

large gein in the transfer section greatly reduces the

. o vabime s e

. -~
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o .f, J» - ) " fon e o oha > g T,
L was projected on the vhotocsthode of the tube. The
|
! . ;
! . oy B . : TR A N B e T . ) '
calibration spparatus wes designed for 1029 interlaced 1
scanning lines at 30 frames a second. The video-gipgnals
4 EF ] 4% p. OPL I C I ) :
Were afblla;cﬁ with 2 lowenolse amplifier, The image was
AR : - oy oy A, ey F K e e 3 < - i Tt
viewed and photographed from the screen of & kinescope
2% em in dismeter by means of a Lelca camera. The
dizmeter of the Image of Mars on the thotogravhs was
. : - . |
- [ax i M..t. TP S " .17 [P T :
ik mn.  The picture produced was gqulite sharpe. J
1
- !
") |
i

Figure 12 shows the block dispram of the television
setup in the Pulkovo bservatory (BER). The ﬁl@ﬁﬁ?i@ %

ok 5 " £ o ~ £3 Y & o, o R AN § TR ) o w8 3 ]
dgizgran ol the appsratus of this setup somewhat simplifled

}D

compared the clrcuitry ussed 1n television statlons,

The interlaged scanning 1s replaced by fine scanning.

*

|

In this case the image is swept during a frame time of

the kirew |

[

scope goreen, and in additlion, no synchrogenerator 13

. necessary, which in 1tsgelf is very compliceted. The ;
arparatus operates at s definition of 6235 14rao$ which

offers certaln advantsges, since 1% makes it possible
to use an ordinary television set ¥with slight medification|
The sveep generators arve designed for a smooth &

varistion as possitle of the line frequency from 15 fo

22 kes. This pertainz beth to the transmitting car 8T8

- A




e

Fig. 13. Block dlagram ¢f televiasion apparatus of the
FPulkovo obzervatory.

L -~ superorthicon, 2 -- preamplifier, 3 ~- f1nal amplifie:
4 -~ kinescope, § 5 -- stabilizer, 6 -- rectifiers, 7 --
sweep block, 8 -~ ghaping block, 9 ~- televislon-set power

?

k)

supply blmck,_lﬂﬁ~w television-get synchronlzing and sweep
block. 11 ~- voltage stabllizer, 12 -~ photographic camera
13 ~- electronle shutier.

P i

B3

— 5
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- 9.5 Mes, cne can insure a horizontal definition up to

- the resolving abllility of the ¢ unp*orthiﬁcn and for suf~

&

and to the television set, The change in the line
freguerncy contributes td & cholce of-aptimum condlitions
for operation of the SUP@IG?&hALOﬂ, as hecessitated by
the uneven resolving abllity of different 5becimems of
transmitting tubss.

The freqguency Qhaﬁaateriﬁtia:of the video channel
starting with the output of the trans srltting tube to the
kinesecope, ig sufficlently uwniform up 06 9.5 Mes, whers
a certailn risa is observed, followed by & drop. At'a

line scanniug freguency of 20 kes and dhand wildth of

&

At
A1)
<
§¢..3
Sen
)
b
in
[
3
=
&
3
&
z}
6
Tt

definitiom, however, is limited by

ficlently bright objects (woon) 1t does not exceed

600»!»6»: lines,

Images from the telescepe are projscted on the

rhosocathode of the superorthicon. The electrical signals
proceed from the ftransmitting tube to a pre-amplifier and

then to the ouiput amplifier, after which they are fed to

e et e e e i

the pleture tube of the "Zenit” television set. The tele-.

scope of e 31LLK2DB, with a sereen dimension 180 x 240 mm,
iveg a sufficilantly uniform definition of the Image over

the entire aree and 45 quite sultable for photography with

a minlature camera.




[
Y

it ey e b AR 1

As usual, the entire appar atus 1s fed from the ac
line. The voltage is kept constant by means of stabie

lizers, Recltiflers produce direct current bhoth for the

transmitting tube and for all the bloeks of the apparatus.
}

The television set has its own power supply,
scanning and _synchronizatlion bleek, and line~voltsge

stabllizer, The television set circult has besen vartially

modified, The band width of the video channel has been i
increased to 9.5 Mes, a de restorer network is ineorpore ;
ated, ané the lineariiy of the line sweep is incressed, |
Alsc modified 1s the synchronization eircuits the pulsesé

can be applied elther directly to blocking genersators

through individual channels, or separated from the generall

television signal.
The image from the sereen of the kinsgeope is

gcamaers. An elnétron

6]
3
o
s
}_.!
]
o

photographed by the minizture

ie synchronized shutter is used in the photogravhy,

+

14
o

ensuring precise exposure of 1750 seec, Thic is
delay~sweep generator, operating when a triggering pulse
is applied by pressing & special butiton. The synchronized
shutter unbloeks the electron beam of the kilnescope

during the time of vassage of one frame, During the rest

of the time the electron bhesw 1s bloeked,




N

Fe3

T should be noted that to obtaln a good photo-

shutter is & difficult matter. In précﬁica‘iﬁ is dme-
possible to open accurately the shutter of the camera
a2t the beginning of the frams sweep and élas@ it at the
end of the frame. 4 snall error in time will caﬁse the
a@p@arance 0f white or black strips on the photograph
“(the white sirip is produced when the exposure is less
than 1/50 sec and the dark one when it is mora).
Let us consider now the optical part of the

television setup. 1In @rdinary.ﬁelaviaian caneras, the
optical Inage is projected iﬁ different éﬁale$ on fhe

]

photocathode of the transmitting tube with the ald of

H

e
-

lens, the greater the

of the scale of the optlesl lmage

“on the phoitocathode, and the larger the iwage on the

o

f the kinescope. The foecal distance of an

obhjlective in a camers rately reaches 1 m {31t 1s uvsually

-

 such a lems 15 not suitasble, For & lens with s focal

Gietance of 1 m, the dismeter of the moon's image does
not exceed @ mm. More remote plansts wouwld be circles

with even swmaliler diameters. Therefore in astronomical

sdes

obsarvations one uses lenseg with focal distances of

gravh with an ewxposure of 1/50 see without a svnchronized

interchangeablie lenses, The greater the focol distance:

less ). To photograph a celestial object on a large scale,;

e §E



Ly

o camotrp pocs oA

= o A O s T

18--20, and sometimes even 7C m

2
The choice of a focel distance or the magnification

of the image scale is determined by the guality of the

gstronomical imarea A large imsge scale is used in the

R

o
(ol

csse of small atmespheric noise, l.e., in the case of

&

good imagos. When the imsge guality is poor, 1t is

Eyxperiments at photographing the surface of the
moon on a large scale using tslevision technlques wsre

cirried out in Pulkowvo in 15%6, The apparatus was

placed in the housing of the large horvizontal sclar

pevilion, & section through which is shown in Fig, The,

9

There 15 no special tube here, and its role is assuwed ;

h"

by the housing itself, which is approximately 50 m long.
Glass aluminized mirrors are mounted on
foundations and are moved along special rails. This is

necessary to focus the opticsl lmsge past the telescep

@

unto the corresponding 1lght receivers, the cholece of i
L which depends on the partieular sclentific problem ﬂolved.é
:
Light from the celestisl object, 1n this case from
the moon, strikes first the plane mirror 1, 50C mm ip
diameter, The mirror is provided with a clockwork

mechanism, s0 as to foan¢ the dlsplaCment of the

celestlal objeect, Tne 1ight from it strikes an addational

»




a sy .
— 7 i
A & H &2 i
et & < 7
! 3 gt ®
m e 4, fi
; & (43 a
1 4
{ [ D)
H i ol
! 48]
i RN
&
J =
b -

vays
troni:

v [ ] vs\ 2
b Cpi ¥
7. & @
3 o
5 O
3 A

A o
43 O
—
Lo O W
- e
Rae! S
ey
[oR
=
'S
ot
m
o
R
P
Eaw
)
B +7 @
; mu; L
L e

H b

o3 ] e
1t b 4 3

o3 [ @ & [l

i 4 3 o~ A ki Qs

] o 0 - &3 A . F

e AN

+w sl : @O 5 £ Sy ey I

i = &= = S O AF & hnl




ia

ot

atmospharic noise, the Inage zlways vibrates and is wavy.

S

gt an optieal focus of

16 m and

oy e . o e st xm N S S - SR e i
electronic apparatus, the eguivalent foeue of the entive
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. entire sppevatus. A% 3o long s foous one observes

sweep mnode (for instanbtaneous photographs of imeges from

the telsvision screenl), and in the mode of prolonged

accumulation of the potential relied on the target (for

sevéral teng .ofrdecendel), In the lest case the sensziti- 1
vity of the tuke gresily insreases (in approxiuate pro=-

pmr@imﬁ to the securulation timel). After ﬁh@fpﬁ%@ﬁtialxu
relief is asccumulated on the tarpet, it is swept by the
glectron beuam, The lusge on the television sereen is
geen in this case for seversl tens of seconds.
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20 m) one asn photogaraph stars up to 10-th magnitude.

The 1llunination on the pholocatiiode of the tube under

these conditions is no mowre than 0,001 lux, and the gain

in brightness reaches 30,000.«40,000,
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Fieure 18 shows the block dlagram of this aprarse

tus, It consists of a Cassegralin telescope with a mirror
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are located two vhotomultipllars. Their outpuls are

connected to do amplifilers. The output signals of the

rg of colls, located about the §

transfer ssatlon of the tube, These coils are mutually=
nerpendicular. . ‘
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Held in the coils;

A change dn this fleld shifts the electroniec image on the

target of the tube, By & suitable choice of the phase
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the electronic image In = direction opposlte to the
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The construstion of the new tube iz almost the
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wapn
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lating  taerget. Charges are accunula-
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ated with szattered light, by applying
the posiiive patﬁuhini on the condueting layer of the

terget, The
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such a prolonged py0595$ of accumulatiang the potentlsl
relief due to the image of the star becomes sufficiernitly
large,

The target 1s then rotated iﬁﬁovaﬂﬁ she potential
reliaf is pisked off the terget by the sweeplng
beam of slow electrons, &5 in the ordinary superorthicon.
The iwmage on the kinescope scresn éan be view&é oniy for
several frames, afﬁar wnich the pmt@ntiallfﬁiief disappesars
(45 completely removed Y.

zrief informstion on the #Ebicon" tube and the
#Tmage multiplier® tube have app ared in the presc.

The sensitivity of the "Bhicon' is 100 times
greater than the sensitivity of modern transmitting tubes.,
This tube 18 a4 #fevrent from an ordinary superorthicsn 1in
4ts target comstructlon and in the absence oX an electron ﬁ
multipiier (Fig. 17). The target consists of a screen
haviﬁg g large nupber of cells, covared with a layer o
aluminun 0,1 microns thick, and a semicorductor lsyer
several mierons thick. The_electfoms radiated by the
photocathede are secelerated by a 20 kv voltage and are

tranzferred to the target. Upon striking the target,
the electrons produce in the samiconductor secondary

electrons (l.e., an excited conduetivity)e 4 potentlal

relief is produced on the %farget. When this relief 1s

.




scanngd by an elechron heem, a rkl appears, which is
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slled infgwm tion regarding this tube.
| . The: image multipller has been developed especially

1
1
for weak illuminafion. This instrument makes 1t possible

to deteect images with a brightness of 0,000% lux., It

assumed thaﬁ a combination of an "Eblcon® with a multi-

3 olier will permit detectlion of images with 1llomination
2 o4 .
. - of spproximately 0.00001 lux.

Tha mu ﬁuipiv¢? {F
reticulated grids covered with poltsssium (thin $£ilms),
Ain accelerating voltage of approximately 3 kv 1s applied

rpiwcrn the ¢ idma Owing to secondary elsciron emission

cf the sereens, a gain of app wowimately ten per stage is

31

obtained, and since four such stages are "eontainsd in the

mulitiplier, the oversll gein is 10,000, The elsctronic

image is focused inside the amplifier itself by means of
a wagnetic field.

Tre image multiplier, provided with a finsrescent

-

screen, makes 1% poss sible to view directly the Image
| j sted on 1t by the photoeathode, In this case the
1patrument bscomes an elestron-optical converter, dif-
ferent ¢”c1 ordinary tynes cf eonverters enly in the

construetion of the amplification stages.
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poseible, naturally, that other electronic

instruments
will appear, combining high sensitivity with good definle

tion of the transmitted image.
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